Introduction
In 2015, 257 million people worldwide were living with chronic hepatitis B virus (HBV) infection, with an estimated 68% of them residing in the African and the Western Pacific regions.
1 Untreated chronic HBV infection can progress to life-threatening complications, such as decompensated liver cirrhosis and hepatocellular carcinoma (HCC).
Timely and effective antiviral therapy for high-risk patients, such as those with cirrhosis, is an important measure to reduce HBV-related morbidity and mortality.
Patients with compensated HBV-related liver cirrhosis are at high risk of developing liver-related events (LREs) such as ascites, variceal bleeding, encephalopathy, and HCC, [2] [3] [4] especially those with active viral replication. Therefore, antiviral therapy should be initiated immediately after cirrhosis is diagnosed if the patient has active HBV replication.
Antiviral therapy with potent and low-resistance nucleos(t)ide analogues (NAs), such as entecavir (Etv) or tenofovir disoproxil fumarate (TDF), has been recommended by major international guidelines. 5 However, in China Etv was much more expensive than lamivudine (Lam) or adefovir (Adv) dipivoxil until a couple of years ago. Furthermore, TDF was not approved for HBV until 2014 and eight to ten times as expensive for HBV than for HIV until 2017, with Lam and Adv being the only reimbursable HBV medication in many provinces of China. 6 As a result, unpreferred antiviral drugs, such as Lam and Adv, have been widely used in China. Studies have shown that rescue therapy with an Adv add-on to Lam is more effective than or at least as equally effective as switching to Etv in patients with Lam resistance in noncirrhotic and cirrhotic chronic hepatitis B (CHB). [6] [7] [8] [9] However, the efficacy and safety of Etv monotherapy versus a de novo combination of Lam and Adv in patients with HBV-related compensated cirrhosis has not been verified. Therefore, we initiated this large-cohort study in 2012 with the aim of comparing the efficacy and safety of de novo combination therapy with Lam and Adv vs Etv monotherapy in patients with HBV-related compensated cirrhosis.
Methods

Study design and population
This was a real-world, prospective, multicenter cohort study conducted across nine centers in Beijing, China from June 2012 to June 2017. The study was conducted in accordance with the ethical principles enshrined in the Declaration of Helsinki and complied with good clinical practice guidelines and applicable local regulatory requirements. The protocol, patient-information sheets, and consent forms were approved by the Medical Ethics Committee of Beijing Friendship Hospital, Capital Medical University (BJFH-EC/2013-067). The trial is registered at ClinicalTrials.gov as NCT01720238.
As reported previously, 10 treatment-naïve patients aged 18-70 years who presented with HBV-related compensated cirrhosis were eligible for recruitment if they had an HBV-DNA level >2×10 3 IU/mL (for HBeAg-positive patients) or >2×10 2 IU/mL (for HBeAg-negative patients). Cirrhosis was defined clinically as at least two of the following four criteria being met: 1) imaging (ultrasonography, contrast-enhanced computed tomography [CT] , or magnetic resonance imaging [MRI]) findings of surface irregularity and texture echogenicity or nodularity; 2) platelet (Plt) count <100×10 9 /L with no other interpretation; 3) serum albumin (Alb) <35.0 g/L or international normalized ratio >1.3 (prothrombin time prolonged >3 seconds); and 4) liver-stiffness measurement (LSM) >12.4 kPa (in patients with ALT levels <5× upper limit of normal).
Patients were excluded if they had any of the following: 1) history of decompensated cirrhosis, including ascites, hepatic encephalopathy, variceal bleeding, or other complications of decompensated cirrhosis or HCC; 2) allergy to Etv, Lam, or Adv or their components, or patients considered not suitable for medications used in this study; 3) coinfection with HCV or HIV, with alcoholic, autoimmune, genetic, drug-induced, and severe nonalcoholic fatty-liver disease, or any other chronic liver diseases; 4) baseline serum AFP level >100 ng/mL and suspected malignant lesion on imaging, or AFP level >100 ng/mL for 3 consecutive months; 5) serum creatinine >1.5× upper limit of normal; 6) presence of other uncured malignant tumors; 7) severe diseases of the heart, lung, kidney, brain, blood system, or other organs; 8) severe neurological or psychological disease (epilepsy, depression, mania, or schizophrenia); and 9) patients not suitable for the study for any other reason.
Treatment allocation
Treatment-naïve patients with HBV-related compensated cirrhosis were treated with Etv (0.5 mg/day) monotherapy or a de novo combination of Lam (100 mg/day) and Adv (10 mg/day; taking both medications from the very beginning of antiviral therapy) at their own discretion after detailed explanation of the pros and cons of the two choices.
Follow-up and clinical evaluation
Patients were evaluated at baseline and every 6 months for 3 years. Clinical symptoms, physical examination findings, adverse events, and concurrent medications were recorded at each visit. Complete blood count, HBV DNA, liver-function tests, creatinine, AFP, prothrombin time, LSM, and liver ultrasonography were performed at baseline and every 6 months. HBsAg and HBeAg levels were measured once a year. HBV DNA was measured with a Cobas TaqMan HBV test (Roche Molecular Systems, Branchburg, NJ, USA) with a detectable level of 20 IU/mL. The AST:Plt ratio index (APRI) was calculated as an indicator of liver fibrosis as previously reported.
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CT or MRI was performed in patients with high suspicion of HCC. Virological response, biochemical response, serological response, and adverse events were assessed every 6 months. "HBV undetectable" was defined as <200 IU/mL. "Primary nonresponse" was defined as less than a 2 log 10 decrease in serum HBV DNA after 6 months of therapy. "Suboptimal response" was defined as a decrease in HBV DNA of more than 2 log 10 IU/mL but still detectable after six months of therapy. "Virological breakthrough" was defined as increase in HBV DNA from nadir by more than 1 log 10 IU/ mL on therapy or increase to >200 IU/mL from ≤200 IU/mL. Also, we defined "stepwise response" as a gradual decrease in but still detectable HBV DNA after at least 12 months of therapy in compliant patients. Both primary nonresponders and virological breakthrough patients were recommended to switch to TDF 300 mg per day as rescue therapy.
The cumulative probability of LREs (development of decompensated cirrhosis and HCC) was evaluated for 3 years. Decompensated cirrhosis was defined as presence of ascites, hepatic encephalopathy, variceal bleeding, spontaneous bacterial peritonitis, or hepatorenal syndrome. HCC was confirmed by at least two radiological studies, such as contrast-enhanced CT, MRI, or angiography. Serious adverse events were reported to the Medical Ethics Committee within 24 hours of notification to the investigator.
Statistical analyses
Since decisions on the medication were based on the discretion of the patients and their doctors, a propensity score (PS) may be applied if the final sample size were unbalanced between two groups. Continuous variables are expressed as mean ± SD or median (range), as appropriate. Qualitative and quantitative between-group differences with respect to categorical variables were analyzed using c 2 tests. The cumulative incidence of hepatic decompensation and HCC was calculated and plotted with Kaplan-Meier's method and between-group differences assessed with log-rank tests. P<0.05 was considered statistically significant. Data analyses were performed with SPSS version 20.0.
Results
Demographic data and baseline characteristics
A total of 578 treatment-naïve patients with compensated cirrhosis were enrolled in this study. Of these, 485 (84%) were treated with Etv and 93 with a de novo combination of Lam and Adv (Figure 1 ). The two groups were comparable with respect to baseline demographic characteristics, HBV-DNA level, HBeAg positivity, biochemical tests, AFP, LSM, Child-Turcotte-Pugh score, and model for end-stage liverdisease score (Table 1) .
Virological response
A dramatic decrease in HBV-DNA level was observed after 6 months of treatment (P<0.05, repeated measurement). HBV DNA-undetectable rates at years 1, 2, and 3 were 82.7% (286 of 346), 96.2% (252 of 262), and 94.3% (132 of 140) for Etv monotherapy, and 88.9% (64 of 72), 81.7% (49 of 60), and 84.6% (22 of 26) for the Lam and Adv combination, respectively (P>0.05 for all). Cumulative virological response analysis showed similar HBV DNA-undetectable rates in the two groups (P=0.96, Figure 2 ). None of the following variables were independent predictors of HBV DNA-undetectable status after treatment: age, sex, baseline HBeAg status, HBV-DNA level, Child-Turcotte-Pugh score, and treatment allocation (data not shown).
A total of 41 patients (7.1%) exhibited virological breakthrough: 27 patients (5.6%) on Etv monotherapy and 14 (15.1%) on the Lam and Adv combination. Virological breakthrough rates at years 1, 2, and 3 were 2.7% (nine of 333), 1.5% (four of 265), and 1.5% (two of 137) in Etv monotherapy and 2.9% (two of 69), 6.6% (four of 61), and 12.0% (three of 25) in Lam and Adv combination, respectively. Cumulative virological breakthrough-rate analysis showed less virological breakthrough for Etv monotherapy than de novo Lam and Adv combination (P=0.003, Figure 3 ).
We also used multivariate conventional Cox regression. After adjustment for age, sex, baseline HBeAg, ALT, and total bilirubin (TBil), the de novo combination of Lam and Adv was the independent risk factor in virological breakthrough (HR 2.80, 95% CI 1.37-5.79; P<0.01). As there was skewed distribution of sample size between the two groups, we also calculated a PS using age, sex, HBeAg, ALT, and TBil at baseline using a logistic regression model. Then we used multivariate conventional Cox regression, and HRs were adjusted for the PS. Consistent results were found on the PS-adjusted Cox regression model, and treatment was still an independent influential factor in HBV-DNA breakthrough (HR 2.83, 95% CI 1.37-5.86; Since not all patients achieved HBV DNA-undetectable status, we reviewed HBV-DNA levels in HBV DNA-positive patients after treatment. Three patterns were observed during the first 6 months of therapy: poor treatment compliance (<80% of prescribed doses taken) was observed in two patients (0.4%) in the Etv group and two (2.2%) in the Lam and Adv combination group; 2) primary nonresponders were recognized in four patients (0.8%) in the Etv group (P=0.76); and 3) suboptimal responses were found in 27 patients (5.6%) on Etv monotherapy and nine (9.7%) on the Lam and Adv combination (P=0.31).
After six months of therapy, seven patients (1.4%) in the Etv-monotherapy group were found to be stepwise responders, which is a phenomenon newly identified in this study, ie, gradual decrease in but still detectable HBV DNA after at least 12 months of therapy in compliant patients. During follow-up, three of the seven stepwise responders finally achieved HBV DNA-undetectable status.
Serological response
At years 1, 2, and 3, HBeAg loss occurred in 16 
Biochemical response
Before treatment, 58.8% (340 of 578) patients had elevated ALT levels. After 6 months of antiviral therapy, ALT levels had decreased dramatically (P=0.04, repeated measurement), with no significant differences between the two groups (P=0.75, Figure 4 ). ALT-normalization rates at years 1, 2, and 3 were 95.6% (240 of 251), 93.5% (261 of 279), and 91.6% (263 of 278) in Etv monotherapy, and 91.5% (43 of 47), 90.2% (46 of 51), and 88.6% (47 of 53), in de novo Lam and Adv combination, respectively. Total bilirubin (TBil) levels did not change significantly after antiviral therapy (P<0.05, repeated measurement), with no differences between the two groups (P=0.53). A significant increase in Alb level and Plt count was observed 6 months after treatment (P<0.05, repeated measurement); however, there were no significant differences between the two groups (P=0.11 and P=0.39, respectively; Figure 4 ).
Liver-stiffness measurement and APRI
A significant decrease in LSM and APRI was observed in both groups after 6 months of treatment (P<0.05, repeated measurement), with no significant difference between the two groups (P=0.12 and P=0.94, respectively; Figure 5 ).
Cumulative incidence of LREs
Overall, 49 patients (8.5%) developed LREs: 40 (8.3%) occurred on Etv monotherapy and nine (9.7%) on the Lam and Adv combination. The cumulative incidence of LREs at 1, 2, and 3 years was 2.9%, 4.2%, and 6.1% in Etv monotherapy and 2.2%, 2.2%, and 6.7% in the Lam and Adv combination, with no significant difference among the groups at any time point (P>0.05, Figure 6A ). Conventional multivariate Cox regression showed no significant differences in the cumulative rate of LREs between the two groups (HR 0.94, 95% CI 0.42-2.11) either. Further, after adjustment for age, sex, baseline HBeAg, ALT, TBil, and HBV DNA by PS, there were no significant differences in cumulative Table S1 ). The cumulative incidence of hepatic decompensation after 1, 2, and 3 years' antiviral treatment was 1.0%, 1.5%, and 2.4% in Etv monotherapy and 2.2%, 2.2%, and 4.5% in the Lam and Adv combination, respectively, with no significant difference between the two groups (P>0.05, Figure 6C ). Subgroup analysis of hepatic decompensation disaggregated by presence of variceal bleeding and ascites showed no significant differences between the two groups (P>0.05, Figure  1 ) either. A total of 31 patients developed HCC: 27 (5.5%) on Etv monotherapy and four (4.3%) on the Lam and Adv combination. The cumulative incidence of HCC after 1, 2, and 3 years of treatment was 1.9%, 2.9%, and 4.4% in Etv monotherapy, and 0, 0, and 2.3% in Lam and Adv combination (P>0.05, Figure 6B ), respectively.
Safety analysis
In general, both Etv monotherapy and Lam + Adv were well tolerated. Seven patients on Etv monotherapy developed non-liver-related serious adverse events (one each of lung cancer, colon cancer, endometrial cancer, chronic glomerulonephritis, autoimmune pancreatitis, diabetes mellitus, and duodenal ulcer), whereas there was none in the Lam and Adv combination group. None of the seven patients showed evidence of association of adverse events with CHB or Etv, and all continued Etv therapy. There was no significant change in serum-creatinine levels in three years of antiviral treatment in either group.
Discussion
In this large-scale, prospective, multicenter, real-world study, most patients achieved HBV-DNA suppression in both groups. Etv monotherapy showed a lower virological breakthrough rate than the de novo combination of Lam and Adv, whereas there were no significant differences between the groups in terms of serological or biochemical response or cumulative incidence of LREs during the 3 years of antiviral therapy.
Both Etv monotherapy and the combination of Lam plus Adv were found to be effective in terms of HBV-DNA suppression in patients with compensated cirrhosis during 3 years of treatment. In context of availability, pricing, and reimbursement policy, several studies have reported the submit your manuscript | www.dovepress.com
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Wu et al clinical efficacy of Lam plus Adv compared with Etv monotherapy in developing countries. In an Indian observational study, Etv monotherapy was found to be more effective than Lam + Adv in reducing HBV-DNA levels after 24 weeks of treatment. 12 Another study showed that in treatment-naïve patients with HBeAg-negative CHB, both Lam + Adv and Etv monotherapy were effective after 48 weeks' treatment. 13 Meta-analysis suggested that for treatment-naïve patients with CHB, Lam + Adv was better than Etv monotherapy in terms of biochemical response and HBeAg-seroconversion rate up to 96 weeks. 14 However, only five studies were included in this meta-analysis, and most of these were singlecenter studies with few CHB patients.
Virological breakthrough is an important indicator that requires close monitoring during long-term antiviral therapy, especially with use of low-genetic-barrier drugs, such as Lam and Adv. In this 3-year head-to-head study on patients with HBV-related compensated cirrhosis, the cumulative virological breakthrough rate of Etv monotherapy (9.8%) was lower than that of Lam + Adv (32.2%). In previous studies, after 48 weeks' therapy with Etv alone or Lam + Adv in CHB patients, virological breakthrough rates were between 0 and 4.3% in HBeAg-positive patients, 15, 16 while no virological breakthrough was observed in HBeAg-negative patients. 14 Similarly, in a real-world longitudinal observational study in China, Lam-based treatment was associated with higher probability of virological breakthrough (21.4%) compared to Etv (1.6%) after 52 weeks of therapy. 17 Treatment adherence is an important issue in the longterm management of CHB, because it has been reported that nonadherence was one of the factors independently associated with virological breakthrough. 18, 19 Actually, most of the patients in our cohort had good adherence, with only two patients (0.4%) in the Etv group and two patients (2.2%) in the combination group observed to have poor adherence (<80% of prescribed doses taken) and virological breakthrough. After excluding these four patients, we found a higher risk of virological breakthrough in adherent patients with Lam + Adv than with Etv monotherapy.
Though relatively stringent cirrhosis-diagnosis criteria were used in our study, similar to those described in previous studies, 15 there were no significant differences in cumulative rate of LREs, including hepatic decompensation and HCC. It has been reported that compared with no treatment or historical controls, both Etv 20 and Lam 21 significantly reduced the incidence of LREs in patients with compensated cirrhosis. With similar incidence of LREs in our Etv group, we may deduce that the prognosis of compensated cirrhosis was greatly improved after effective antiviral therapy in our study.
Radiology and LSM are widely accepted methods for cirrhosis diagnosis. Their use in combination with routine blood tests has been shown to improve the accuracy of cirrhosis detection. 22, 23 We used a combination of at least two of radiology, transient elastography, thrombocytopenia, and decrease in albumin or coagulopathy, which seems to be more convenient and reasonably reliable for clinical use. Though histology is the gold standard for diagnosis of cirrhosis, its application is limited in cirrhotic patients, because of thrombocytopenia and/or coagulopathy. 24 As a real-world observational study, several limitations need to be discussed. First, the rationale of this study needs to be considered in the context of the unique scenario of HBV-drug availability, pricing, and reimbursement policy in China. Second, unbalanced treatment allocation is caused by the changing landscape of HBV therapy in China. However, the two groups had comparable baseline characteristics and results remained unchanged after planned PS analysis. Third, 
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Conclusion
In this prospective, multicenter, real-world, cohort study, Etv monotherapy achieved more stable HBV-DNA suppression than Lam + Adv in patients with compensated HBV-related cirrhosis. Biochemical and serological responses and cumulative incidence of LREs were comparable during the 3 years of treatment. Long-term follow-up of these patients is required to elucidate the longer-term efficacy and safety of these two treatment choices.
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